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By Wilber B. Euaton asd T. H. Skopineki 

Pmssure-distributian measurements and loml-coefficient aata at l o w  
speeds  obtained in flight for a conventional front asd rear eliding canopy 
are presented. The data were obtained wlth the same canopy previously 
tes ted  Fn the Langley fUl+cale tunnel. The flight measurements show 
.good agreement with  the full-scale-tunnel results for comgaxable con- 
ditions and confirm the  principal  conclusions of the  tunnel   teats  as t o  
the effect  of canopy position, yaw, power, asd liFt coefficient on the 
pressure  distributions, Any change6 in load dist r ibut ion which might 
be due t o  d is tor t ion  of the canopies under l o a d  were within the l imi t s  
of the experjmenkal error.  The load-coeflicient data indicate that the 
highest net aerodynamic load f o r  the front canopy wa8 in the.  ezqlodlng 
direction and occurred with the  front and rear cano2ies  closed. The 
highest net load f o r  the rem canopy was in the crushing direct ion with 
the front canopy open and rem canopy closed. 

An investigation of the aerodynamic loads on airplane canopies 
and cockpit enclosures has been  conducted at the Laagley Iaboratory. 
The first phase of thie  investigation insluded low-peed t e s t6  in the 
Langley fu l l6cd .e  tunnel on three  conventional enclosures represen" 
t a t ive  of the  three categories, single  sl iding canopy, front and reax 
s l iding canopy, and bubble-type canopy. Pressures over the  external 
asd internal  surface8 of t he  canopies were measured under % wlde raage 
of operating conditione, and the data have been reported in references 1 
t o  3.  

The second phase of the  investigation included flight t e s t s  of two  
of the canopies  tested to obtain a qualitative  coxqarison of flight and 
Wind-tmnel results, and t o  determine the  severity of the ef fec ts  of 
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Mach nmuber and of distortion. Uads on the bubble-typ  canopy  at low 
speeds U data on t h e  ef'fect of Mach  nuniber have been reported in 
reference 4. Data on internal  cockpit  pressures a r e  reported i n  refez- 
ence 5.  In the'present  paper,  pressure  distributions and load coeffi- 
cients for the front  and rear slidlng  canopies of the SB2C-hE airplane 
obtaked at low epee& and data on the  effect of distortion are given. 
Data were obtained  under  steady-6tate  conditions at lift  coefficients 
w i n g  from 0.17 to 1.33, at yaw angles. of Oo, -7.50, and 7.30, aad 
at  pressure  altitudes of 8,000 ami 2,0,000 fee t .  The Mach number ranged 
from 0.146 to 0.44. 

SYMBOLS 

A 

CZ 

CL 

D 

hP 

L 

M 

P 

P 

Q 

Q 

QC 

T 

cross+ectional area of canopy normal to plane of symmetry 
(see  fig. 3)  

cano2y lateral load' coefficient (%/sa> 

canopy v e r t i c a l  load cosffioient (L,/qA) 

airplane lift coefficient 

propeller  diameter,  feet 

pressure altitude,  feet 

pressure  coefficient (" qpo) 
free-stream dynamic pre~su~e, po~nds per square foot (0.7p@) 

torque,  pound-feet 

torque coefficient - 
( 2 2  

thrust, p- 
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V 

Subscripts : 

e external 

f internal 

0 free atream 

L left side of canopy 

R r ight   s ide of -canopy 

A i r p l a n e  .- The a€r-plane (fig. 1) used in the t e a t s  was a 6b@.+ 
engine, twwlace, low-wing scout and dive b d e r  for use aboard air- 
c ra f t  carriers. The gross wefght of the a i r p l a n e  during the flight 
t e s t s  was abovt 13,000 poundsr; the wing =ea was about 4-22 equare 
feet ,  corresponding to a wing loading of 30.8 pounds per square foot; . 

With the exception of the  'addition of booms on the   r ight  and l e f t  wing 
t t p s  for a;lrspeed and yaw instrugentation, there were no external 
modifications to the airplane. The airplane wa8 parered by an 
R 4 6 0 0 4 0  Wright engine with 8. military ra t ing at 2600 rpm of 1720 
asd 1560 brake horsepower at sea level and 8000 feet,  respectively, 
While at  20,000- fee t ,  brake horsepomr w&8 developed' at 2300 rpm. 
The engine-propeuer  gear r a t i o  wa.s 163. The propeller had four 
blade8 and a diametm of 12 f ee t  2 inches and was a Curtias e lec t r fc  
constant-peed propeller with blades of design No. C2p1200(American). 
At military power the  propeller  operated at the  conditime of thruat 
and torque s h o d  in   f igure  2. 
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The f'ront and rear sliding canopies (fig. 3) a r e  each mounted OR 
four  carriers that r o l l  on tracks  designed t o  raise the  canopies 
s l igh t ly  and at the 8- tb te   d i rec t  them over the  stationary canopy. 
When f u l l y  opened, the f'ront and rear canopies are  raised 2A and 

4 
11 inches,  respectively, above the top of the  stationary canopy. The 

front cmopg s l i d e s   t o  the rear while the   rear  canopy s l ides  forwaxd 
&e sham by figure 3 .  The front canopy is made up of two plexiglass 
panel5 1/4 inch  thick and i s  equlpped with a cpLck-releaee jettisoning 
latch.  The rear canopy consists of a number of plextglass  panels 
1/8 inch  thick and, i n  addition to R built-in emergency hatch, is 
equipped with a hinged deflector on each eide  (fig,  4) ,  which extends 
outward ab& 50' when the canopy i s  i n  the full-open position. With 
the rear canopy closed, the deflectors  retract   f lush with the sides 
except for the small t i p  or  radius on t he   t r a i l i ng  edge evident i n  
figure 4(b). The sliding cpop ies  were the s a m ~  one8 used In the f"- 
scal&unnsl  investigation (reference 2). A line drawing of the 
canopies (fig. 5 )  shows the contours and principal dimensions. 

4 

runtantatLon.- Standard MACA instrumsntation wa8 used t o  
measure airspeed,  pressure  altitude, RO& acceleration, angle of yaw,  
l oca l   s t a t i c  pressures, and tirne. The pitot-etatlc  tube and p w  head 
were  mounted on boom located appro-tely 1 chord ahead of the w i n g  
leading edge. The yav-mgl.0 recorder &as also connected t o  an 
indicator   in  the cockpit  for the p i lo t ' s  uee. 

For the survey of local  static  pressure over the  exterior of the 
front and rear canopies,  the  hationary canopy, and the t u r t l e  deck, 
115 f lueh  or i f fces  were instal led at the locations sham in figure 5.  
For internal  pressures, an or i f ice  was located in both the front and 
rear cockpits. The or i f ices  at s ta t ions 7, 9, 10, and 11, which are 
direct ly  under the front and rear  canopies i n  the open position, were 
also u e d .  

Prassures at 112 of the l l 7  survey locations were measured by 
6even standard NACA two-capsule pressure recorders,  utilizing a motor- 
driven  selector  switch. Data were taken during stabi l ized ~ u a 8  of 
30 seconds duration,  each  orifice being sampled f o r  a 3-second 
interval.  A continuous  record wag obtaineaof  the  front and rear  
cockpit pressures and, a0 a check on the selector, of three e x t e r n a l  
orifices.  All preseures were obtafned relative t o  f'ree-etreasz s t a t i c  
pressure as given by the  pitot-statlc  tube, and a correction was made 
f o r  the difference between true and measured free.+tream s t a t i c  pressure 
based on a flight calibration of the airspeed syetem. Pressure tubing 
of --inch inside diameter was used f o r  all connectiorm. The pressure 

l ines  between the  orif'ices and the instruments  located i n  the banib bay 
were 15 t o  20 f ee t  i n  length. J 

3 c 
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Accuracy.- The preciaion of d i rec t ly  msasured and derived 
q w t i t i e s  given in the  present  paper i s  believed t o  lie wlthin the  
following precision  eetlmates: 

p'- po . . . . . . . . . . . . . . . . . . . . . .  A O . 2  inch of water 
CL . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f2 percent 

Tc . . . . . . . . . . . . . . . . . . . . . . . . . . . .  &5 percent 
P . . . . . . . . . . . . . .  ,. . . . . . . . . . . . . .  k2 percent 
$ . . . . . . . . . . . . . . . . . . . . . . . . . . . .  rt0.5 
C,, Cy . . . . . . . . . . . . . . . . . . . . .  less than *? percent 

M . . . . . . . . . . . . . . . . . . . . . . . . . . . .  k0.007 

The precision given f o r  P is based. on the  average  uncertainties i n  
determin ing  both p - yo and q. The precision  given f o r  C, and Cy 
is based rm estimates of posaible  errors  introduced bg fairing data, by 
the  integrating  process, and bg the uncertainty  in P. 

The flight program f o r  obtaining data on canopy loads was planned 
to duplicate  certain of the flight ssd operat-  condftiona f o r  which 
tests were reported in reference 2. Flights were therefore made at 
different  airspeeds  correeponding to   l i f t - coe f f i c i en t  values of 0.17, 
0.56, 0.98, and 1.33, represenking a high speed, a ta;ke-off, and two 
intermediate flight conditions. since it was not always possfble t o  
obtain the four ncmlnd d u e s  of CL exactly,  actual values of lift 
coefficient have  been used where data axe plotted 88 EL Rrnction of CL. 
Tests were ma&= at  mili tary power at these four  CL values, and with 
the  propeller idling at a CL of 1.33. Flights were made at a unif o m  
pressure a l t i tude  of 8000 feet, and since the  i&rumentation reqdred  
stabilized conditions during any one run, a l l  t e s t e  were made in  steady 
sideslips,  i n  Etea- level flight, or in  steady shallow dives at 
about 1 g. All t e s t s ,  except those at CL = 0.17 were made at p w  
aSgles of 00, -7.5' (yaw t o  left, right wing advanced), and. 7.5O (yaw t o  
right, l e f t  wing advanced). canopy positions  investigated at the three 
higher d u e s  of CL were as followe: With the rear canopy open, the 
front canopy W E  closed, 3 inches open, one4mlf open, and full open; 
with  the  rear canopy closed, the front canopy was closed and ful l  open. 
A t  CL = 0.17, t e s t s  were made with the rear  canopy open, the front 
canopy closed, 3 'inches open, and full open.. 
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In order t o  determFne whether under changes in load  there were 
changes i n  load distribution which could be ascrfbed to   d i s to r t ion  of 
the canopy, three  additional runs  were msde a t  a reduced  value of 
& ~ c  pressui-e, but  otherwise at flow conditions which were as neaxly 
equivalent a8 it is possible t o  obtain i n  flight at 1 g. These m e  
were made at 20,000 feet at the Mach number of the high-peed, low- 
lif-oefficient  condition at 8,000 fee t .  D a t a  were thus obtained at 
dynamic pressures of 213 and 1% pounds per square foot, as cmgared 
t o  the limit value of 4-15 po~ndrr per square foot  corremondfng to the 
maximum permissible  diving  speed at sea level. 

The cockpit  ventilator was opened for all runs and the cowl f lap  
posit iom  varied with power. A check of the effect  of cowl. f l a p  
position an the pressure distribution at CL = 0.98 showed that any 
difference in canopy load due t o  cowl flap  position was within  the 
experimental error. 

EvaLuation of Canopy Loads 

The canopy loads i n   t h e  present paper a r e  shown in two f o m  : 
plots  of pressure coefficient P t o  show the longitudinal and l a t e r a l  
distribution of load; and a a  load  coefficients which are  a aondimensional 
representation of the  integrated air load, and from which n m r l c a l  
values of load in pounds can be obtained. The h a d  coefficients were 
obtained f r o m  values of pressure  coefficient by a proceas of mechanical 
and numerical integmtlon.  Plots of pressure  distribution a l o n g  rows 
A, B, C, D, and E (688 fig. 5 )  were integrated  mechanically t o  obtain 
longitudinal  strip  loads. These s t r i p  loads, in turn were integrated 
numerically over the horizontal and lateral pmdected  area8 of the 
canopies to   ob ta in  the ver t ical  and side load components, respectively. 
These l oad  coqonsnts were then nondimensioaalized by dividing by the 
c r o s s - e e c t i o d   m e a  of the canopies taken normal t o   t h e  plane of 
symmetry, thus  giving the ver t ical  an$ side force coefficients C, 
and cy. 

The experimental data obtained fn the present t e s t s  are  ahown as 
presaure coefficients i n  figures 6 t o  15 and as load coefficients i n  
figures 16 and 17. Before discwsing  the  load-coefficient data, it is 
convenient ffrst t o  present the exteml-pressure-coefficient data on 
the  front and rear canopies,  then  the data on the internal"pres8ure 
coefficient B f o r  both canopfes . 
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Bessure Distribution 

The e~rimsntal-pressure-coefficient data f o r  the fr& canopy a r e  
ahown in   f igures  6 to 10 and for the rear canopy, in f igurea ll t o  15. 
Pressure distributions f o r  the front and rear canopies at dr = 0' are 
given in figures 6 and U, at $ = -7.50 in figurea 7 and 12, and 
at f = 7.5O in figures 8 and 13, respectively,  for  the  different 
canopy poeitiane tested. m e  D E I ~ L ~ S  f o r  $ = 00 are given at values 
of lift coefficient  approximately equal t o  0.17, 0.56, 0.98, and 1.33. 
The r e su l t s  for $ = -7.5O and 7.5O include  data for the  three higher 
values of CL only, since flight te s t a  at appreciable yaw angles in 
the high-peed flight condition were not  considered  feasible. Also 
show are  data obtained at CL = 1-33 with the  propeller idling. For 
each lift coefficfent,  the value of thrust c o e f l k i e n t  at military 
power is based m figure 2.. Data obtained in the  check on the magultube 
of distortion  effects on the front canopg are shown in figure 9 and 011 
the rear canopy in figure 14. The inte&+ressure  coefficient P i  
for the front and rem. canopy. is plotted in ffgures 10 and 15, 
respectively, agaim3t lm coefficient with canopy posit ion and yaw as 
paamstere. The bternal-pressure  coefficients for bath canopies are  
d s o  given an the external+essure+tLstribution plots  for  the various 
canopy poeitiana, lift; coefficients, and yaw condftlone investigated. 

The effect8 of the  vaxioue parametqrs investigated. on the external" 
and internal-preaaure  distributiom  for the front and rear canopies are 
s u m a r i z e d  in the following discussion, 

pant cano~y.- With the front c&z1ops closed, and at mall values of 
thrust coefficient,  the pressure dist r ibut ion  ( f ig .  6(a)) is essentially 
uniform f ram front t o  rear, but d u e s  of P, at   the   a ides  B-- 

what greater Fn magnitude than those at the top. Ope- the canopy 
increases the -tude of Pe over the  forward part, but h m  l f t t l e  
effect  on the rearward part. The position of the re85 canopy has 
negligible effect OR t he  pressure 'distribution over the  front canopy. 

Yaw of the airplane introduces a c-onent of flow normal t o  the 
plane of sgmmstry of the canopy the effects of which are i l l u s t r a t ed  by 
a comparison of figures 6 ( e ) ,  ~(a) ,  and 8(a). The magnitude of pe is 
increased  over the top of the canopy and on the  retarded side and i s  
decreased on the advanced side, The effect of yaw is of about the same 
order of magnitude at bath the front and rear of the canopy. 

The effect8 of power on the front-canopy  pressure  distribution 
appear t o  be a resultant of effects  introduced by the additonal 
longitud3nd and rotational  velocity components of the slipstream. 
Since these veloci tg  components i n  general are proportional t o  T, 



a NACA RM L50B03 

and G, respectively,  the  effects of power are more marked at slow 
speeds and. thus in the  present  level-flight  tests, at the higher  values 
of CL. As may be seen by a comparison of figures 6 ( 0 )  and 6(d) ,  which 
are  f o r  = 0' and the same lift coefficient, the  additional  velocity 
of the  slipstream  increases  the magnitude of P,, a l i t t l e   m r e  so at 
the  sides  than at the  top. In  addition, the  rotation of the  slipstream 
introduces an asymmetry aaalogous , to  right yaw; that is, the l e f t  side 
becomes the advancing side, and increments due t o   p w e r  are amaller on 
t h e   l e f t  side than on the right. As evidenced by the Increment on the 
side of the canopy, the  rotational  effect  i s  greater at the front than 
at the rear. 

The combined effects  of power and yaw a r e  i l lus t ra ted  in  
figures 7(c) and 8(c).  Asyrtunetry i s  marked in figure  8(c)  since the 
effects of y a w  t o  the right and slipstream  rotation are in the same 
direction. The asymmetry is less marked for l e f t  yaw ( f ig .   7(c))  
because the two effects  are  i n  opposite d i r e c t i a s .  

Although the changes of canopy pressure distribution  associated 
w i t h  changes of l i f t  coefficient are not  completely  defined by the  
present series of t e s t s ,  an estimate of these changes at zero p w  can 
be obtained from a comparison of the data shown in figures 6(a) and 6(e), 
since power effects  would be amall i n  both  cases. On the average, the 
increment i n  P, due t o  a change i n  CL of 1.16 appears t o  be greater 
than the increment associated with a change of Tc of 0.41. 

Qualitative data on changes in load  distribution due to   d i s tor t ion  
of the  front canopy are shown in figure 9 f o r  three  positions of the 
f r o n t  canopy. ?Rt?om the similarity of the  pressure  distributions shown 
in figure 9 for the two different  load  conditiom, it I s  concluded that 
any changes i n  loading which might be ascribed t o  distortion of the 
front canopy are within the limits of the experimental  error. 

Rear canopy.-Because of the generally low level  of pressures 
measured over the rear canopy, the  scale of the  values of external- 
pressure  coefficient  plotted in figures 11 t o  1 4  has been expanded. 
This f a c t  should be borne in mind  when cornpazing the results with front- 
canopy plots. The data shown in   f igures  11 t o  13 are for flights a t   t he  
s a m  conditions as the  corresponding  figures  for the front canopg: 
( f igs .  4 t o  8). Data for the  external-pressure  coefficient Pe are 
shown, however, f o r  on ly  two canopy positions - front open, rear open 
and front open, rem closed. A preliminary examination  revealed that 
these two positions  represented  the maximum arid minimum values of ' 

external load. . .  . . . . . . . . . . 
.. .. . . ." ." 

c 
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* The effects  of power, yaw, and lift coefficient on the  rear-canopy 
pressure  distribution a r e  similar t o  those on the  front canopy, but  the 
effects  of  power  and. CL appear t o  be of l esser  magnitude. The position 
of the front  canopy had a negligible  effect on the  pressure  distribution 
over the  r&ar-casopg. The deflectore which extend into  the  slipstream 
when the  rear canopy is  open have a marked local   effect  on the canopy 
pressure  dlstribution, as may be noted in figure U. The blocking 
action of the extended deflectore i s  evident at statim 16 and 19 ahead 
of the  deflector,  while  immediately behind the  deflectors.high values of 
negahive pressure  coefficient are obsemed. , 

From'the s-ity of the  pressure  distributions shown in 
figure 14 fo r   t he  two different load conditiona, it i s  conclyded that 
any changes in loading which might be ascribed t o   d i s t o r t i o n  of the   rear  
canopy are within  the limits of the  exgerimental  error. 

t 

Internal  ~res6ure.- Ib general, the   internal  canopy pressures 
( f igs .  10 and 15) were found t o  depend on the  pressure  f ield over the  
ai rp lane and the area and location of any openings between the interior 
and exberior. With both canopies  closed,  the d a e s  of Pi in both 
cockpits  indicate a pressure  slightly lees than free stream. Since  there 
is  no effect ive  par t i t ion between the two cockpits,  internal  pressure on 
the f'ront and rear canopies is essent ia l ly   the maw. O p e n f n g  the front  
canopy with the rear closed reduced the  rear  internal  pressure more than 
openlng the rear canopy wfth  the  front canopy closed reduced the  front 
internal  pressure. This result is  i n  accord  with  the  observed magnitudes 
of the external  pressures over the two canopies. Similarl& wlth  either 
canopy partly or   fu l ly  open the   effects  of yaw and power on Pi show a 
close  correlation  with  their  effect8 on Pe. 

* 

- 

Comarison with wind4unnel tests.- The flight data i l l u s t r a t ed  in 
figures 6 t o  15 f o r  811 a l t i tude  of 8000 fee t  do not cover the full  range 
of flight conditione s3mulated in the full+cale-tunnel  tests  especially 
with respect t o  thrust and torque  coefficients. Comparison of figures 6 
t o  15 with  the  figures of reference 2 shows good qualitatfve agreement, 
however, and  confirma the'principal  conclusions of reference 2 as t o   t h e  
effects  of canopy position, pw, power, and lifi coefficient on  the 
external" and fnternal"pressure  distributions  for  the  front and rear 
canopiea . 

Load Coefficient 

Data on the integrated air loada expressed in  coefficient form are 
given fo r  the front canopy in   f igure  16 and f o r  t he  rear cenopy in 

. figure 17. These load coefficients  express  quantitatively  the  effects 
of CL, power, canopy position, and yaw discussed under the  section 
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ent i t led  "Prws8ure Distribution." The data sham are appl icable   to   the 
present  airplane operat- with propeller idling or  at mili tary power 
i n   l e v e l  flight at as a l t i tude  of 8000 feet .  Rumerically different 
results would b e  obtained at other alt i tudee or power sett ings  or a t  
other load factors, aince the thrust-torque-lift  relationships shown i n  
figure 2 would not apply. For convenience, the  load-coefficient data 
have been 'plotted againat . CL, mince the  effects  of slipstream longi" 
tudinal and rotational  velocity coxuponents could  not be completely 
separated i n   t h e  present  abbreviated  flight program. Since, however, 
any incremsnt i n  load  coefficient due t o  power would be practically 
negligible at CL = 0.17, 811 entimate of the re la t ive  magnitude o f  
power effects  as compared t o  lif ' t-coefficient  effect  can be obtained by 
comparing the data at CL 5: 0.17 with  the  propeller idling and the  
military-parer data (Tc = 0.43) at CL = 1.33. 

The vert ical  load coefficients C and C for the  front and 
rear  canopies are presented in  figures  16(a), 16(e), 17(a) , and 17( e ) .  
The Lateral load coefficients on the right and left sides of the canopy 
C and c a r e  given in  figures 16(b), 16(c), 17(b), and 1 7 ( ~ ) .  
The net Lateral l oad  coefficients Cy equal to   the  difference C 4 

are shown in  figures 16(a) and l7(d). Positive  values of Cy indicate 
a net fo rce   t o  the lef%. The internal Lateral load coefficient Cyi 

which differs from Czi only by 8 numerical factor  is & o m  on the 
auxiliary ordinate of figures 16(e) and 17(e). 

ze zi 

YeR YeL 
YeL Yq' 

External and internal load coefficients are  given rather than net 
load  coefficients  in  order that the  results may be extended t o  other 
simllm configuratione  for which the  internal  presaures may be markedly 
different.  The effects of the various  parameters  investigated on the 
internal  cockpit  pressure  discuesed  for  the  present case under the 
section  entitled  "Pressure  Distribution",  apply a l s o  to   the   in te rna l  
load coefficients C and C The internal load coefficients are 

presented,  therefore, in order t o  determine readi ly  whether the net 
vertical   load  coefficient,  (C, = Cze - Czi or the  net   la teral  load 

coefficient on ei ther   the leFt or  right side of the canopy is, for  the 
present  case, i n  an exploding or  i n  a cmhing  direct ion.  

zi ri 

Rront canopy.- The load-coefficient data presented for the  front 
canopy at zero yaw indicate that Cze, C 

t o  1 6 ( ~ ) )  increase xith both CL and power; whereas the change of Cy 

YgR' and Y'eL ( f igs .  16(a) 
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( f ig .  16( d) ) with power was more marked than the change with CL. For 
the  six  different canopy positions  investigated  the upper limits of t he  
external load coefficients  presented fo r  various values of CL occur 
for  the  front canopy 3 inches and ane-half open; the lower limits occur 
for the  front canopy open and closed.  Lines have been f i i red through 
the data f o r  those  lFmiting  conditions. The effect of rear-canopg 
position on the f ronkanopy  ex te rna l  load  Coefficients was negligible. 

The incremental value of the external  vertical  and lateral load 
coefficients ahown In figure 16 f o r  = 1.33 a t  idl ing power indicate 
that the  effect  of yaw of 7.5O on the  front-cmopy load coef f ic ien ts ,   in  
general, was amall. The cauibined effect  of power and yaw, however, was 
=ked. Yaw t o   t h e  right generally produced higher valueb of CZ, than 
did yaw t o  the left, and the increment due t o  y a w  was nearly independent 
of lift coefficient. The lateral load CoefficientE on the advancing aide 
were decreased in general by approximately the 881138 amouzlt a8 the increase 
on the  retarded  side; LC with right yaw WRS, however, generally 

larger than was bl= w i t h  left  yaw, as shown by the results for   the  

lateral-lmd-coefficient increment AC Although the  incremental load 
coefficients due t o  yaw show variations with canopy position, a detailed 
amlys i s  is not  considered  warranted. The curves shown have been fa i red  
through the average valuee. 

Y.R 

Y9 

M n a t i o n  of the load-coefficient data presented  for  the  front 
canopy shows that the highest net loads for  the  preeent  cam  occurred in 
the high-eed flight condition w i t h  the front and rear  canopies  closed 
and were in the exploding direction. 

Rear canopy.- The load-coefficfent data presented f o r   t h e  two  r e a  
canopy posit iom  indicates that the  external  load  coefficients Cze, 

C yeR> a d  c 
yeL 

(figs. 17(a) to 1 7 ( ~ ) )  are  not only  d l e r  than the 

fi-ont+anopy coefficient but a lso  show a comparatively  amaller m i a t i o n  
wlth CL and power. 

For the rea;rccasopy open position,  values of Cze, Cy%, and CyeL 

were hfgher at the idJAng parer than at military parer at CL = 1.33. 
For the   rear  canopy closed, power increased the e x t e r n a l  load coef- 
f i c i en t s  as in the case of the front canopr.  For  both canopy poeitiona, 
the change in Cy with parer was more =ked than the change with CL. 
A t  mil i tary power, the external  load coefficients were eseent ia l ly  the 
same f o r  both re-anopy poeitiona, 
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The effects  of y a w  of 7.5O on the  external  load  coefficients for  P 
the rear canopy, shown by the  increnental values i n  figure 17 f o r  
CL = 1.33 at idl ing power, axe mall for   the  rea-anopy-closed 
position. For the rear canopy open, the effects  of yaw on the  vertical  
load coefficient C ,  and the   l a te ra l  load  coefficients C and 

-e YeR 
C Y q  were al00 small f o r  the  retarded  side  but  the lateral load coef- 

f i c i en t s   fo r  the advancing side were markedly reduced. 

The combined effect  of yaw and power on the exberna l  load  coef- 
f ic ien t  for the rear  canopy was essent ia l ly   the same as were noted fo r  
the  front canopy. The value of  AC ( f ig .  l7(e))  for the rear-canopy- 

closed  position, however, increased with right pw, a result which is 
contrary to  the  general  trend of left-lateral  load-coefficient data, 
but which is consistent with the  effects  of power and yaw on the 
pressure distribution over the rear canopy a8 shown i n  figwes 12 And 13. 

yeL 

The rear-cmopy  load+oefficient data for the  present  caee  indicate 
that the   c r i t i ca l  net load for   the   rear  canopy occurred for the hl+ 
speed flight condition wfth the front  campy open and the  rear  canopy 
closed and W&E in   the   c ruhing   d i rec t ion .  Local crushing -loads on the 
left side of the canopy produced by the combined effect  of the s l i p  
stream rotational  velocity at mil i tary power and the  asymmetric air flow 
due t o  yaw were higher thm the average net canopy loads. 

Results from a flight investigation conducted t o  obtain aerodynamic 
loadix and preesure-distribution h t a  011 the  conventional  front and 
rear   s l iding canopies ehowed that for the range of conditione lnves-bl- 
gated : 

1. The highest net loab. for the front canopy were i n   t h e  exploding 
direction and occurred with the front and rear  canaplea  closed. 

2. The highest  net loads  for   the  rear  canopy were i n  the crushing 
direction and occurred  with  front canopy open and rear  canopy closed. 

3. The combined effect  of the  slipstream  rotational  velocity at 
mili tary power and the aeymmetrical air flow due t o  yaw produced net 
local exploding and crushing  loads on both  canopiea that were higher 
than the average  net canopy h a d e .  



NACA RM ~ 5 0 ~ 0 3  . 13 

4. chasges in loading due to  d is tor t ion  of the f’ront asd rear 
canopies under load were within the limits of the experbuental error 
for value5 of d p m i c  pressure up t o  approxfmately 50 percent of the 
value  comesponding t o  the permiseible  diving  speed at sea 
level. 

5. The flight data co&imn the  principal  cancluaione  of the full- 
sca ledunnel   t es ta  as t o  the effect of canopy position, yaw, power, and 
l i f t  coeff ic ient  on the  preseure distribution over t h e  front and rear 
canopies . 
Langley Aeronautical  Laboratory 
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Figure 1. - The SSX-kE airplane. 



NACA RM L5OB03 

.6 

Figure 2.- Required thru~t and torque  coefficients for l eve l  flight at  
various alt i tudes.  
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(b) Canopies closed. 

Figure 3. -  The front and rear canopies in   t he  open and closed  positions. 
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(b) Canopy and deflector  closed. 

Figure 4.- The rear canopy in the open and closed positions, ahowing the 
two. positions of, the deflectore. 
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Figure. 7.- Contirmea. 
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Flgure 8.- Continued. 
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Figure 8.- Concluded. 
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Figure 9.- Effect of dietortion on the pressure distribution over the front canopy of the SB2C-@ air- 
plane. $ = DO; military power. 
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Figure 10.- Variation of front canopy internal pressure  coefficient vith lift  coefficient for various 
yaw anglea, canopy poeitlone, and power  settings. 
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Flgure U. - Pressure  distributions over the rear canopy of khe SBX-kdZ airplane. Ik = 0'; 
hp = 8000 feet. 
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Figure ll.- Continued. 
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F m  13.- Pressure distributions over the pear canopy of t h e  S S X - h  airplane. e P 7.3O; 
hp = 8000 feet. 
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Figure 14.- Effect of dlsbr t ion  on the pressure diBtribution over the rear canopy of the SBX-II8, air-  
plane. * = 00; military power. 
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Figure 15.- Variation of rear canopy Internal p r e s m  coefflclent vith lift coefflclent for various 
yaw angles, canopy positions, and paver sett lngB.  ul c 
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(a) External vertical load coefficient. 

Figure 16.- Variation of front canopy load coefficient w i t h  lift coeffi- 
cient and y-aw angle for various canopy positions and power settings. 
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(b) External right lateral load coefficient.  

Figure 16.- Continued. 
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CL 
(c )  E x t e r n a l  l e f t  '!Lateral load  coefficient. 

Figure 16.- Continued. 
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(a) Net external lateral load coefficient . 
Figure 16. - Continued. 
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(e) Internal ver t ica l  and lateral load coefficient. 

Figure 16. - Concluded. 
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(a) E x t e r n a l  vertical  load coefficient. 

Figure 17.- Variation of rear-canopy load coefficient with lift coeffi- 
c ien t  and yaw angle f o r  various canopy poBitions and power s e t t i n g s .  
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(b) E x t e r n a l  right lateral load coefficient.  

Figure 17.- Continued. 



NACA RM L50BO3 53 

l0 
-10 /o 



54 NACA RM ~ 5 0 ~ 0 3  

Figure 17. - Continued. 
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Figure 17.- Concluded. 
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